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Abstract 

We study the potential of high-energy photon colliders for the production of gluino pairs within 
the Minimal Supersymmetric Standard Model (MSSM). In this model, the process 77 — * gg is 
mediated by quark/squark box diagrams with enhancements for up- type quarks/squarks from 
their larger charges and for third generation squarks from their large mass splittings, generated by 
the mixing of left- and right-handed states. Far above threshold and in scenarios with very heavy 
squarks, resolved photons can contribute significantly at tree level. Taking into account the laser 
photon backscattering spectrum, electron and laser beam polarization effects, and current mass 
exclusion limits, we find that gluino pair production in high-energy photon collisions should be 
visible over large regions of the MSSM parameter space, contrary to what has been found for e + e~ 
annihilation. In addition, the cross section rises rather steeply, so that a gluino mass determination 
with a precision of a few GeV should be feasible for a wide range of post-LEP benchmark points. 
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I. INTRODUCTION 



Weak-scale super symmetry (SUSYHs one of the most attractive extensions of the Stan- 
dard Model (SM) of particle physics l[ Q|. If it is realized in nature, SUSY particles will 
be discovered either at Run II of the Fermilab Tevatron U, S, 0, El or within the first 
years of running at the CERN LHC [IJ 0]. Reconstruction of the SUSY Lagrangian and a 
precise determination of its free parameters will, however, require the clean environment of 
a linear e + e~ collider, where in particular the masses, phases, and (electroweak) couplings of 
sfermions and gauginos will be determined with high accuracy lOj ■ However, the mass and 
coupling of the gluino will pose some difficulties, since the gluino couples only to strongly 
interacting particles and is thus produced only at the one-loop level or in multi-parton final 
states. 

In a recent publication, we have investigated gluino pair production through triangular 
quark/squark loops in e + e~ annihilation with center-of-mass energies up to 3 TeV, which 
may become available in the future at linear colliders like DESY TESLA or CERN CLIC 
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121 ]. Due to large cancellation effects, we found that promisingly large cross sections can 



only be expected for scenarios with large left-/right-handed up- type squark mass splittings 
or with large top-squark mixing and for gluino masses up to 500 GeV. Small gluino masses of 
200 GeV might be measured with a precision of about 5 GeV in center-of-mass energy scans 
with luminosities of 100 fb _1 /point. However, when both the left-/right-handed squark mass 
splitting and the squark mixing remain small, gluino pair production in e + e~ annihilation 
will be hard to observe, even with luminosities of 1000 fb _1 /year. 

In this Paper, we study the potential of high-energy photon colliders for the produc- 
tion of gluino pairs within the Minimal Supersymmetric Standard 
studies have previously been carried out for the production of SM 



LSI Q' f«'<l various other processes 



Model fMSSM). Similar 
3, 14, Q, MSSM Q, 



and double-charged Higgs bosons [17(, sfermion pairs 

In the MSSM, the process 77 — > gg is mediated by quark/squark box diagrams with 
enhancements for up- type quarks/squarks from their larger charges and for third generation 
squarks from their large mass splittings, generated by the mixing of left- and right-handed 
states. At tree level, gluinos can be produced in pairs only in association with two quarks, 
or they are produced singly in association with a quark and a squark. Both processes result 
in multi-jet final states, where phase space is limited and gluinos may be hard to isolate. Far 
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above threshold and in scenarios with very heavy squarks, resolved photons can contribute 
significantly at tree level. Taking into account the usual laser photon backscattering spec- 



trum 



2l|, electron and laser beam polarization effects, and current mass exclusion limits, we 



find that gluino pair production in high-energy photon collisions should be visible over large 
regions of the MSSM parameter space, contrary to what has been found for e + e~ annihila- 
tion. In addition, the cross section rises rather steeply, so that a gluino mass determination 
with a precision of a few GeV should be feasible for a wide range of post-LEP benchmark 
points. 

Our calculations involve various masses and couplings of SM particles, for which we 
use the most up-to-date values from the 2002 Review of the Particle Data Group 22]. In 
particular, we evaluate the electromagnetic fine structure constant a(mz) = 1/127.934 at 
the mass of the Z°-boson, mz = 91.1876 GeV, and calculate the weak mixing angle 9w 
from the tree- level expression sin 2 6w = 1 — m^/ml with mw = 80.423 GeV. Among the 
quark masses, only the one of the top quark, m t = 174.3 GeV, plays a significant role, while 
the bottom quark mass, mj = 4.7 GeV, and the charm quark mass, m c = 1.5 GeV, could 
have been neglected like those of the three light quarks. The strong coupling constant is 
evaluated at the gluino mass scale from the one-loop expression with five active flavors and 
Alq -5 = 83.76 MeV, corresponding to the world avarage (available only at two loops) of 
®s( m z) — 0.1172. A variation of the renormalization scale by a factor of four about the 
gluino mass results in a cross section uncertainty of about ±25 %, which can be reduced 
considerably by including full next-to-leading order QCD corrections. Like the heavy top 
quark, all SUSY particles have been decoupled from the running of the strong coupling 
constant. 

We work in the framework of the MSSM with conserved R- (matter-) parity, which rep- 
resents the simplest phenomenologically viable model, but which is still sufficiently general 
to not depend on a specific SUSY breaking mechanism. Models with broken i?-parity are 
severely restricted by the non-observation of proton decay, which would violate both baryon 
and lepton number conservation. We do not consider light gluino mass windows, which 
may or may not be excluded from searches at fixed target and collider experiments 22]. 
Instead, we adopt the current mass limit nig > 200 GeV from the CDF |23J and DO [24j 
searches in the jets with missing energy channel, relevant for non-mixing squark masses of 
irtq > 325 GeV and tan/5 = 3. Values for the ratio of the Higgs vacuum expectation values, 
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tan/3, below 2.4 are already excluded by the CERN LEP experiments, although this value 
is obtained using one-loop corrections only and depends in addition on the top quark mass. 



allowed in a very narrow window 
25j . Therefore, we employ a safely 



Furthermore, values of tan/3 between 2.4 and 8.5 are on 
of light Higgs boson masses between 113 and 127 GeV 
high value of tan/3 = 10. If not stated otherwise, we adopt the smallest allowed universal 
squark mass of rriq ~ mgusY = 325 GeV and large top-squark mixing with 9i = 45.195°, 
mi x = 110.519 GeV, and mj 2 = 505.689 GeV, which can be generated by choosing appro- 
priate values for the Higgs mass parameter, // = —500 GeV, and the trilinear top-squark 
coupling, A t = 648.512 GeV The SUSY one-loop contributions to the p-parameter and 
the light top-squark mass m t - are then still significantly below and above the CERN LEP 
limits, Psusy < 0.0012to;ooi4 and mi > 100 GeV [22j,|27[. For small and intermediate values 
of tan p, mixing in the bottom squark sector remains small, and we take 9~ b = 0° as for the 
four light squark flavors. 

The remainder of this Paper is organized as follows: In Sec. |n]we compute the one-loop 
amplitudes for gluino pair production in direct photon-photon collisions, discuss briefly their 
analytical properties, and study in detail their numerical dependence on the squark masses 
and mixing angles, on the photon polarization and center-of-mass energy. In Sec. IIHI we 
calculate the squared matrix elements for the resolved photon contributions from quark- 
antiquark and gluon-gluon scattering analytically and discuss several typical cases, where 
resolved processes can be numerically important. In Sec. II VI we present expected total cross 
sections for gluino pair production with laser-backscattered photons in polarized electron- 
electron collisions for various post-LEP benchmark SUSY scenarios. We then estimate the 
precision with which the gluino mass might be determined for various typical squark and 
gluino masses and realistic photon collider luminosities. Finally, our conclusions are given 
in Sec. M 



II. DIRECT PHOTON-PHOTON SCATTERING 



As the supersymmetric partners of the gauge bosons of the strong interaction, gluinos 
couple only to colored particles and sparticles and can therefore not be pair-produced directly 
at tree-level in photon-photon collisions. Instead, they are produed at the one-loop level 
through the box diagrams shown in Fig. ^ where the virtual quark/squark flavor can flow in 
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FIG. 1: Feynman diagrams for gluino pair production in direct photon-photon collisions. The 
photons couple to the produced gluinos through quark (full lines) and squark (dashed lines) box 
diagrams with flavor flow in both directions. 

both directions. Topologically, additional triangular loop diagrams without a quartic vertex 
and two-point functions with a quartic vertex are also allowed, but they evaluate to zero, 
since they involve internal gluon propagators and only one (traceless) color matrix inside 
the quark/squark loop. A full set of diagrams can be generated with the computer algebra 



package FeynArts 



28, 



Denoting the four-momenta of the incoming photons with pf, their polarisation vectors 
with e^{pi) 1 the four-momenta of the produced gluinos with kf, and employing the Feynman 
rules of SUSY-QCD 2], we can write down the scattering amplitudes for the diagrams with 
one internal squark propagator, 

M tl = J -^Jrgi£^(pi)e u (p2) \u(h, nig) ^-iV^gsOJ-T^S^ + iV2g s u + T^ n Sf 2 



x 



^2~<i + h + h + m q) {-iwql^ 1 ) {~4 + rn q ) 



+ m a 
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x (iV2g 9 S!Ju-TH m - iV2g s Si ] uj + T b nn \ v(k 2 , m- g )} /[ (q 2 - m 2 ) ((p 2 + qf - m q 2 ) 



x 



((P2 + 9 - ^2) 2 - ((P2 + 5 - fcl - ^2) 2 - «V) 



(1) 



x (#2 + ^ + wig) (iee,7") (j/ + m q ) (iee^) (^ 2 + 4 ~ h ~ h + m q) 

x (-iV^g^T^Sl + iv^w+T^Sj) m g )] / [ (q 2 - m 2 ) ((p 2 + q) 2 - m 2 ) 



x ((P2 + q ~ hf ~ m qi 2 ) ((P2 + q ~ h ~ h) 2 ~ m q 2 ) , 
for the diagrams with two internal squark propagators, 
M t2 = J -^ee q (-p 2 -2q + 2k 1 Ye^p 1 )e u (p 2 )[u(k 1 ,m g ) 



(2) 



x (iy/2g.S}?uJrS m - iV2g s Sf^cu + T^ (4 + m q ) (iee q Y) ^ 2 + 4~h~h + m q ) 



{-i^9s^-Tnm S ii + i^9sU+T* m S? 2 ) v(k 2 , nig)] / [ (q 

X ((P2 + 9 - ^l) 2 - ^ 2 ) ((P2 + 5 - fcl - ^2) 2 - "V) 



(3) 
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-/ 

x (-iv^.T^S* + iV2g s u + T^ n Sf 2 ) (~4 + + m q ) {-iee ql v ) (-^ 2 - + ^ + m,) 
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X 2 



x ((P2 + q~ h) 2 - m 9 2 ) ((p 2 + q-ki - k 2 f - m q 2 ) 



(4) 



M x2 = j ^2ie 2 ey v E»{ Pl )E»{p 2 )\p{k u m^ 



(2tt)< 



mn u i'2 



x (-4 + m ? ) - V*JL) «(*2, m g )] / [ (g 2 - m, 2 ) 

x ((g + /ci) 2 - m^ 2 ) ((g- k 2 ) 2 -m q 



and for the diagrams with three internal squark propagators, 
d 4 q 



M 



f3 



X 2 



( 9 _ } , *e 2 e 2 )(-p 2 - 2g)"(-P2 -2q + h + h 2 f s» { Pi )e» {p 2 ) [u(h, m g ) 



(5) 



V2g s SfJcu_T^ n + -iV2g s Si 1 u; + T^ n j (j/ 2 + ^ - # 2 + m q ) 
x (-iV2g s uj_T b nm Si + iV2g s u + T b nm Sf 2 ) v(k 2 , m g )] / [ (q 2 - m q 2 ) ((p 2 + q) 2 - m q 2 ) 
x ((?»2 + 5 - ^) 2 - m q 2 ) ({p 2 + q-h - k 2 ) 2 - m q 2 ) , and (6) 



M u3 = |^(-2e 2 e;)(-p 2 -2g)^(-p 2 -2g + A; 1 + A ;2 )^(p 1 )^(P2)[^i,m § ) 



x (-iV2g s u^ n Sl + iV2g s u+T^ n Sf 2 ) (-fc -4 + ^ + m q ) 



x 



iV2g s S^u_T b nm + -iV2g s SfiU + T* m ) v(k 2 , m s )] / [ (q 2 - m^ 2 ) ((p 2 + qf - m^ 2 ) 

x ((P2 + q~ h) 2 ~ m q 2 J ((P2 + q-h~ k 2 f - «^ 2 ) • (7) 

Here, e and g s are the electromagnetic and strong couplings, respectively, e q is the fractional 
charge of the quark flavor q in the loop, and T^ n is the SU(3) color matrix attached to gluinos 
of color a, and summation over the (s)quark color indices m,n is implied, rrig, m q , and m qi 
are the masses of the gluino, quark, and squark mass eigenstate i, and q^ is the internal 
loop momentum. For diagrams with opposite flavor flow, the projectors ui± = (1 ± 7s)/2 
must be interchanged and the Hermitean conjugate of the squark mixing matrices Sfj must 
be taken. The loop integrals in Eqs. (JHl-(J7| are free of ultraviolet divergences, since they 
involve at least three propagators and no tree-level coupling of the photon to the gluino that 
would require renormalization. They are also free of infrared and collinear singularities, 
since massless gluons do not appear, and are therefore most easily evaluated numerically 
HQS- 

After summing these amplitudes over internal quark flavors q, squark mass eigenstates 
i, colors and helicities of the produced gluinos, we obtain the direct photon-photon cross 
section 



^ r = ^^^/dt,El-^77l 2 , (8) 



2 s 87TS 

z " 5 77 °" s 77 * u a,b 



where 

6 2 

■^77 = ( M a + M m + M t 2 + M u2 + M x2 + M t3 + M uZ ) 

g=l i=l 

+ (u>+ ~ u- , S§ ~ Stf), (9) 

s 77 = (P1+P2) 2 , tg = (pi — ki) 2 — m~, and Ug = (pi — k 2 ) — m~ are the mass-subtracted Lorentz- 
invariant Mandelstam variables, tg is integrated in the range [— s 77 ± ^s 77 (s 77 — 4m|)]/2, 
and where we have included a factor of 1/2 for the production of two identical Majorana 
fermions. For unpolarized cross sections, we sum in addition over the transverse polarizations 
T of the initial photons with the completeness relation 

£^*(PiKfe) = -<T (10) 




FIG. 2: Dependence of the gluino pair production cross section in unpolarized photon-photon 
collisions on the squark mass parameter mgusY- The numerical importance of the amplitudes 
decreases with the number of internal squark propagators. 

and include a spin averaging factor of 1/2 for each photon. 

As is evident from Fig. the numerical importance of the amplitudes in Eqs. (|T|)-(J7|) 
depends directly on the number of internal squark propagators, which induce a suppression 
with the heavy squark mass rriq or, equivalently, the parameter msusY- The dominant 
contribution comes from diagrams with one internal squark propagator, but diagrams with 
two internal squark propagators still contribute significantly and can not be neglected as 
proposed in Ref . . They are even more important once the photon-photon center-of-mass 
energy allows for the production of two intermediate on-shell squarks, i.e. when \/s > 2m,j, 
so that real and imaginary parts of the loop diagrams contribute. Only the diagrams with 



S 



Threshold Behavior of q Loop Contributions 



m susY - 325 GeV 



= 200 GeV 
All Diagrams 

1 q Propagator 

2 q Propagators 

3 q Propagators 




1000 1500 2000 
[GeV] 



3000 



FIG. 3: Threshold behavior of the gluino pair production cross section in unpolarized photon- 
photon collisions for diagrams involving different numbers of squark propagators. 

three internal squark propagators are indeed of negligible impact. 

The number and (s- or t-channel) nature of the squark propagators occuring in the 
Feynman diagrams of Fig. ^ is clearly reflected in a distinct threshold behavior, shown in 
Fig. El For example, the diagrams in the center column of Fig. ^involve two s-channel squark 
propagators, which can become on-shell when y/s > 2m q ~ 2msusY- The same observation 
holds for the diagrams in the right column of Fig. ^ which are, however, suppressed by an 
additional t-channel squark propagator. For lighter gluinos with mass m g < m t or m g < m^, 
similar resonance structures would be visible where the center-of-mass energy crosses the pair 
production threshold for top quarks and squarks. For very light gluinos of mass m g = 5. ..25 
GeV, squarks of mass 50. ..150 GeV, and neglecting the diagrams with more than one squark 
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Polarisation Effects in q Loop Contributions 




[GeV] 

FIG. 4: Threshold behavior of the gluino pair production cross section in polarized photon-photon 
collisions. 

propagator, all quark masses, and squark mixing effects, we can roughly reproduce the 
shapes and magnitudes (in pb, not nb) of the threshold behavior in Fig. 2 of Ref. j^]. For 
a more detailed numerical comparison, more information on the quark charges and coupling 
constants used there would be needed. 

As can be seen in Fig. |IJ the threshold behavior of the gluino pair production cross section 
is also influenced by the polarisation of the initial photons. If they carry the same helicity, the 
cross section shows the steep rise typical for S'-wave production of the two gluinos, whereas 
for photons with opposite helicity the gluinos are produced as a P-wave, the cross section 
rises more slowly, and the intermediate squarks in diagrams with two s-channel propagators 
can not be produced on-shell (see dot-dashed curve in Fig. HJ). For center-of-mass energy 
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FIG. 5: Dependence of the gluino pair production cross section in unpolarized photon-photon 
collisions on the squark mass parameter m-suSY- Down-type (d, s, and b) quarks and squarks are 
suppressed relative to up-type (u, c, and t) quarks and squarks due to their smaller electromagnetic 
charges. 

scans it is therefore advantageous to choose the same helicities for both photons. 

Since the cross section in Eq. (jHJ) is proportional to the fourth power of the fractional 
quark charge, up-type (s)quarks contribute 16 times as much as down-type (s)quarks (see 
Fig. 03). In addition, the top-squark contribution is enhanced for small msusY due to the 
large top-squark mixing angle and the small mass of the light top-squark mass eigenstate. 

The influence of the top-squark mixing angle is shown in Fig. El where the central region 
is excluded by the CERN LEP limits on the p-parameter and 



27j . It is quite 



strong above the excluded region, 9+ > 45.192°, where the mass of the light top-squark 
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FIG. 6: Dependence of the gluino pair production cross section in unpolarized photon-photon 
collisions on the top-squark mixing angle. 

mass eigenstate rises quickly from > 100 GeV to values around m S usY = 325 GeV. 
In this region, the top-squark contribution (dashed curve) to the gluino pair production 
cross section drops by more than one order of magnitude, whereas the total cross section 
(full curve) drops only by about a factor of four due to the interference with the constant 
contributions from the other, non-mixing (s)quarks (dotted curve). 

III. RESOLVED PHOTON-PHOTON SCATTERING 

As the gauge boson of the electromagnetic interaction, the photon can only interact 
directly with charged (s)particles, so that gluino pair production arises only at one-loop 
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FIG. 7: Feynman diagrams for gluino pair production in quark-antiquark collisions. 
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FIG. 8: Feynman diagrams for gluino pair production in gluon-gluon collisions. 



and 0{a 2 a 2 s ). However, in high-energy scattering processes the photon can also fluctuate 
into intermediate quark-antiquark states and develop a complex hadronic structure. The 
quarks and gluons inside the photon carry then only a fraction of the photon's energy. When 
both photons are resolved into quarks or gluons, the latter can interact strongly and gluino 
pairs can be produced already at tree- level. These 0(a 2 ) double- resolved processes can be 
numerically large, despite the fact that a suppression from the 0{a/a s ) quark and 0(a) 
gluon densities in the photon must be taken into account. If only one photon is resolved, 
gluino pairs are produced through the one-loop diagrams in Fig. ^ with one photon being 
replaced by a gluon (and the additional color-octet diagrams not shown in Fig. Q), so that 
they are then of 0(aa^). Due to their additional suppression from the 0(a) gluon density, 
these contributions are numerically small and will be neglected in the following. 

Gluino pair production in double-resolved photon-photon scattering arises from the 
quark-antiquark and gluon-gluon scattering diagrams shown in Fig s. [7| and |H1 The corre- 
sponding spin- and color-averaged squared matrix elements are [34] 



\M 



qq\ 



2gt(N 2 - 1) N c f 2mj 8 + tj + uj 
AN 2 { s 2 + 



Stg 



m 2 gS + u~ 

SU„ 



+ tl + ^l) (11) 
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(12) 



where = (pi — ki) 2 — m"-, and Uq = (pi — k 2 ) 2 — m? are again mass-subtracted Lorentz- 
invariant Mandelstam variables, are now the four-momenta of the incoming partons, and 
Nc = 3 denotes the number of colors. The unpolarized double-resolved photon cross section 
is then given by 

<7= E [dxJ th (x l ,M 2 )dx 2 f jh (x 2 ,M 2 )^^kM~\\ (13) 

i,j=q,q,9 J lS ^ S 1 

where s the partonic center-of-mass energy, x\^ are the longitudinal momentum 

fractions of the partons i and j in the photons, and M is the factorization scale, which we 
identify with the gluino mass. The variation of the double-resolved photon cross section 
with this scale, which amounts to ±35 % in leading order for a variation of M about m g 
by a factor of four, will be considerably reduced, once the corresponding higher-order direct 
processes are included. 

In contrast to the gluon-gluon initiated matrix element in Eq. ()12)) . which involves only 
gluons and gluinos and depends only on the gluino mass, the quark- ant iquark initiated 
matrix element in Eq. (|llj) involves also quarks and squarks and thus depends also on the 
masses of these (s)particles. Since we are working in the collinear limit at high center-of- 
mass energies, we neglect the masses of the five light initial quark and antiquark flavors and 
take their momentum distributions inside the photon, /j/ 7 (x,M 2 ), from a leading-order, 
five-flavor fit to the photon structure function j^]. For center-of-mass energies v^ 77 > 
2(m t + nig) > 748.6 GeV (relevant for m g > 200 GeV), top quarks can contribute through 
the process 77 — > tigg at 0(a 2 a 2 ). While this process is of the same order as the direct 
contributions considered in the previous Section, it is phase-space suppressed by the larger 
mass of the final state and will therefore be neglected. 

In Fig. El the direct contribution (dashed curve) falls steeply with the squark mass pa- 
rameter mgusY, while the small resolved gluon-gluon initiated channel (dot-dashed curve) 
is, of course, independent of the squark mass. Interestingly, the resolved quark- ant iquark 
initiated contribution, which coincides with the total resolved cross section (dotted curve), 
increases with msusY- The reason is that the s- and t-channel diagrams in Fig. [7| interefere 
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m susY Dependence of Direct/Resolved Contributions 
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FIG. 9: Dependence of the direct, resolved, and gg initial state contributions to the gluino pair 
production cross section in unpolarized photon-photon collisions on the squark mass parameter 

"ISUSY- 

destructively, and the interference contributions to Eq. (JTTJl decrease in magnitude as msusY 
increases. As a consequence, the total gluino pair production cross section (full curve) re- 
mains large even for large squark masses and becomes independent of msusY already for 
moderate squark masses. 

Figure ITU1 shows the threshold behavior of the direct (dashed curves), quark- ant iquark 
(dotted curves), and gluon-gluon initiated cross sections (dot-dashed curves) for small (top) 
and large (bottom) values of m^vsY- In the first scenario, the direct channel dominates at 
threshold as expected, while in the second case it is completely negligible in the entire center- 
of-mass energy range. Instead, the threshold behavior of the total cross section is dominated 
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FIG. 10: Threshold behavior of the direct, qq, and gg initial state contributions to the gluino pair 
production cross section in unpolarized photon-photon collisions for a small (upper plot) and large 
(lower plot) squark mass parameter msusY- 
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by the quark-antiquark channel, and the gluon-gluon process contributes significantly at 
larger values of \fs . 

Resolved contributions are therefore only important (1) if v^ 77 ^ ^ m gi i- e - f &r above 
the gluino pair production threshold, or (2) if nig ^> nig. The first case is of little practical 
importance. For nig < nig, it would in fact be desirable to suppress the resolved contribu- 
tions so that the photon-photon center-of-mass energy is fully available in threshold scans. 
This should be feasible by reconstructing the observed momentum fractions of the partons 
in the photon from the gluino pair and requiring them to be large. The second case is 
more interesting and may allow for a gluino mass determination in scenarios that would be 
unobservable in e + e~ or direct 77 collisions. 



IV. POLARIZED ELECTRON-ELECTRON SCATTERING 



In practice, high-energy photon collisions will become feasible through the backscattering 
of laser photons from electron beams at future linear colliders. The unpolarized and polarized 
laser backscattering spectra are j^jj 
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are related to the total Compton cross section and & = A/ 7 / e (xj)// 7 / e (xi) is the mean 
helicity of the backscattered photon i. 

The photon spectra depend on the center-of-mass energy of the electron-laser photon 
collision s e7 through the parameter X = s ei /m 2 — 1, whose optimal value is determined 
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by the threshold for e + e _ pair production. In the strong fields of the laser waves, the 
electrons (or high-energy photons) can interact simultaneously with several laser photons, 
so that the optimal value of X increases from (2 + V8) to (2 + \/8)(l + £ 2 ) ~ 6.5 |2fiJ. If 
the parameter X is kept fixed, the laser backscattering spectra become independent of the 
electron beam energy. A large fraction of the photons is then produced close to the kinematic 
limit x < x max = X/(X + 1) = 0.86. The monochromaticity of the produced photons can 
be improved further by choosing the helicity of the 100% polarized laser photons opposite 
to that of the 80% polarized electrons. 

Since the low-energy tail of the photon spectrum is neither useful nor well understood, we 
use only the high-energy peak with x > 0.8x max = 0.693 and normalize our cross sections 
such that the expected number of events can be obtained through simple multiplication with 
the envisaged photon-photon luminosity of 100-200 fb~ 1 /year. This requires reconstruction 
of the total final-state energy, which may be difficult due to the missing energy carried away 
by the (typically two) escaping lightest SUSY particles (LSPs). However, high-energy pho- 
ton collisions allow for cuts on the relative longitudinal energy in addition to the missing- Ex 
plus multi-jet, top or bottom quark, and/or like-sign lepton analyses performed at hadron 
colliders, and sufficiently long-lived gluinos can be identified by their typical i?-hadron sig- 
natures. 

The total cross section for gluino pair production in polarized electron-electron collisions 
is given by 



where parity conservation in (SUSY-)QCD guarantees that a^it = °~dir an d c"dir — °"dir~- 
For resolved processes, the photon densities are replaced by parton densities in the electron, 



In Fig. El w e show that gluino pair production in direct 77 collisions decreases with the 
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FIG. 11: Dependence of the gluino pair production cross section in 77 collisions on the universal 
squark mass msusY for no squark mixing (thick curves) and maximal top-squark mixing (thin 
curves). Also shown are the cross sections expected for the post-LEP SUSY benchmark points 



in Ref. 



371 ] (full points). The photon-photon luminosity has been normalized to unity in the 



high-energy peak. 

universal squark mass msusY; but depends only weakly on the top-squark mixing. This 



11 



In this plot, 



is in sharp contrast to the results obtained in e + e~ annihilation 
the e~e~ center-of-mass energy is chosen close to the threshold for gluino pair production 
(y/s = 1m- g l '0.8/ 0.86) and is varied simultaneously with m§. Also shown in Fig. ITT1 are 
several post-LEP SUSY benchmark points, which have recently been proposed within the 
framework of the constrained MSSM [37]. Studies similar to those performed in Fig. H~3l 
show that with the exception of point E, where only about ten events per year are to be 
expected, the gluino mass can be dermined with a precision of ±20 GeV (point J) or better. 
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FIG. 12: The gluino pair production cross section in polarized direct photon collisions as a function 
of the e~e~ center-of-mass energy for various gluino masses. The photon-photon luminosity has 
been normalized to unity in the high-energy peak. 

For gluino masses between 200 and 500 GeV, the total cross section for gluino pair pro- 
duction in polarized electron-electron collisions with laser-backscattered photons is shown in 
Fig.^Jas a function of the electron-electron center-of-mass energy \fs ee - The corresponding 
e + e~ annihilation cross section stays below 0.1 fb and falls steeply with m,g, so that gluino 
)air production will be unobservable for trig > 500 GeV irrespective of the collider energy 
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12|. In contrast, the 77 cross section reaches several fb for a wide range of m g . In e + e 



annihilation the gluinos are produced as a P-wave and the cross section rises rather slowly, 
whereas in 77 collisions they can be produced as an S'-wave and the cross section rises much 
faster. This is particularly true for identical helicities of the initial photons (see Fig. 
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FIG. 13: Sensitivity of the gluino pair production cross section in polarized direct photon collisions 
to the mass of the pair-produced gluino. The photon-photon luminosity has been normalized to 
unity in the high-energy peak. 

The steep threshold behavior can be observed even more clearly in Fig. EE where the 
sensitivity of a photon collider to the gluino mass is investigated. For the CERN LHC 
experiments, a precision of ±30... 60 (12. ..25) GeV is expected for gluino masses of 540 



(1004) GeV [a, |9|. If the masses and mixing angle(s) of the top (and bottom) squarks are 
known, a statistical precision of ±5 ... 10 GeV can be achieved in e + e~ annihilation for m?, = 
200 GeV for an integrated luminosity of 100 fb" 1 per center-of-mass energy point JjJ, Il2| . 
A precision of ±2 ... 5 GeV may be obtained at a TeV-scale photon collider for rrig = 540 
GeV and an integrated photon-photon luminosity of 50 fb™ 1 per point, provided that the 
total final-state energy can be sufficiently well reconstructed. Of course, uncertainties from 
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FIG. 14: Sensitivity of the gluino pair production cross section in unpolarized resolved photon colli- 
sions to the mass of the pair-produced gluino. The photon-photon luminosity has been normalized 
to unity in the high-energy peak. 

a realistic photon spectrum and the detector simulation add to the statistical error. 

In Fig. we demonstrate that even in scenarios with a very large squark mass parameter 
^susy = 1500 GeV and no squark mixing a gluino mass of m~ g = 200 GeV could be 
determined with a precision of ±5... 10 GeV. The cross section is then dominated by the 
quark- initiated resolved contributions (see the lower plot in Fig. ITUjl . The shaded band 
indicates the uncertainty from a variation of parton densities in the photon from GRV LO 



to SaS ID and 1M (38[. It turns out to be fairly small, since the quark densities at large 
x are well constrained from photon structure function data 
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V. CONCLUSIONS 



In conclusion, the reconstruction of the SUSY Lagrangian and the precise determination 
of its free parameters are among the paramount objectives of any future linear e + e~ collider. 
Determination of the gluino mass and coupling will, however, be difficult, since the gluino 
couples only strongly and its pair production cross section in e + e~ annihilation suffers from 
large cancellations in the triangular quark/squark loop diagrams. A photon collider may 
therefore be the only way to obtain precise gluino mass determinations and visible gluino pair 
production cross sections for general squark masses and would thus strongly complement 
the physics program feasible in e + e~ annihilation. For recently proposed typical post-LEP 
SUSY benchmark points, gluino pairs can be produced from laser-backscattered photons 
with cross sections between 0.1 fb and 4 fb, so that a gluino mass of 540 (1670) GeV may 
be determined with a precision of ±2... 5 (±20) GeV or better. 
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